We investigated the postprandial thermic effect of chicken and its mechanisms in rats. A chicken diet showed a strong thermic effect after consumption, and the removal of fat induced more rapid and stronger thermogenesis. Although thermogenesis induced by a purified chicken protein diet was also strong, the thermic reaction was not so rapid and a remarkable rise of peripheral temperatures was not observed. Defatted chicken and purified chicken protein activated the thyroid hormone system and up-regulated rate-limiting enzyme genes of glucose metabolism and the tricarboxylic acid (TCA) cycle in the liver. Moreover, chicken protein up-regulated the mRNA expression of a rate-limiting enzyme of hepatic lipid metabolism. It is possible that the mechanisms by which body temperature is raised are different between chicken protein and defatted chicken. On the other hand, it is possible that chicken fat suppressed the expression of energy metabolism-related genes that was induced by the consumption of lean chicken. As a result, a rise of postprandial body temperature might not have been induced after consumption of chicken fat. These results suggest that the consumption of lean chicken activates the thyroid hormone system and hepatic energy metabolism and consequently induces the postprandial thermic effect of chicken.
"Thermic effect of food" is defined as the increase in metabolic rate after ingestion of a meal (1) and also refers to diet-induced thermogenesis or a specific dynamic action. It has been shown that fat and carbohydrates have little thermic effect but that protein has a strong thermic effect (2) (3) (4) . Moreover, strong thermic effects of capsaicin (5-7), caffeine (7, 8) , ephedrine (7), ginger (9) , black pepper (8) , garlic (10) and green tea (7, 8, 11) have been reported.
Chinese nutritional therapy focuses on the qualitative effects of foods on the body, and foods are assigned on the basis of energetic classification primarily to four areas: thermal nature, flavor, organ network, and direction of movement (12, 13) . As for the thermal nature, energetically "hot" or "warm" foods have a heating or warming effect on the body, whereas "cold" or "cool" foods cool the body. "Neutral" foods do not change the energy level of the body. The heating effect of "hot" or "warm" foods seems to resemble the thermic effect of food, but it is still unclear. In our previous study, it was found that mutton and venison, which are classified as "warm" foods, facilitated postprandial thermogenesis in rats in contrast to pork, beef ("neutral") and rabbit meat ("cold") (14) . Examination of mutton constituents revealed that lean mutton protein contributed to the rise in the body temperature of rats. It was also found that lean mutton protein facilitated the secretion of thyroid hormones and the up-regulation of mRNA expression of several signaling molecules that are involved in energy metabolism in brown adipose tissue. These findings suggested that thermic effects were different among meat species according to the classification of their thermal nature and that the qualitative differences among meats affected various reactions in the body. However, it is still unclear why thermic effects are different among meat species. Chicken, which is widely consumed, is classified as a "warm" food in thermal nature. Consumption of chicken essence extract has been reported to increase metabolic rate (15, 16) , but the mechanism of this thermic effect and the thermic effects of other chicken constituents have not been investigated.
Diet-induced thermogenesis is thought to be very similar to non-shivering thermogenesis (NST) (17) . NST usually occurs in brown adipose tissue, which is abundant in small rodents and in infants, but contributes little to thermogenesis in adult humans. The liver, which plays a major role in metabolism, is a main heatgenerating organ under a resting condition (18) and is also an important source of NST (19, 20) . Indeed, it has been reported that the liver may have a significant role in diet-induced thermogenesis (21) . However, it has not been determined whether the liver is involved in the postprandial thermic effect of meat.
Metabolism and thermogenesis are controlled by cat- echolamines, adrenocorticotropic hormone and thyroid hormones, which are secreted by the directive of the hypothalamus, and the main regulatory factor of NST is noradrenaline (norepinephrine). Although mutton, especially lean mutton protein, seemed to have the strongest thermic effect among meat species examined in our previous study, levels of catecholamines including noradrenaline were not significantly different (14) . We also found that consumption of lean mutton protein stimulates the secretion of thyroid hormones and facilitates energy metabolism in rats. Thyroid hormones have long been accepted to be an important determinant of overall energy expenditure and basal metabolic rate (22, 23) . Effects of thyroid hormones on diet-induced thermogenesis have also been studied (24) (25) (26) . Recently, it has been reported that a soy protein diet alters not only thyroid hormone metabolism but also the expression of hepatic genes regulating fatty acid in rats (27) . We hypothesized that the thermic effect of chicken, which is classified as a "hot" food in thermal nature, is elicited by the action of hormones and the activation of energy metabolism in the liver. In this study, we first compared the thermic effect of chicken with that of mutton, which has a strong thermic effect in rats. Second, in order to determine the contribution of chicken constituents other than chicken essence, we examined the postprandial body temperature of rats that were fed various chicken diets containing fractionated chicken. Third, in order to elucidate the mechanism by which a chicken diet raises postprandial body temperature, we focused on thyroid hormones and energy metabolic rate-limiting enzymes in the liver. We investigated blood thyroid hormone levels, expression of thyroid hormoneregulated target genes in the liver, and the expression of rate-limiting enzymes gene in hepatic glycolysis, betaoxidation and the tricarboxylic acid (TCA) cycle.
Postprandial Thermic Effect of Chicken Involves Thyroid Hormones and Hepatic Energy Metabolism in Rats

MATERIALS AND METHODS
Animals and diets.
The experimental plan of this study was approved by the Laboratory Animal Care Committee of Hokkaido University. The animal experiment was carried out according to our previous study (14) . Five-week-old male Wistar rats were commercially obtained from Japan Laboratory Animals Inc. (Tokyo, Japan). The animals were housed individually in stainless steel cages with a 12-h light-dark cycle (lights on from 10:00 to 22:00) in an isolated room at a controlled temperature (22-24˚C) and humidity (40-60%). Before starting the experiment, all animals were acclimated to the AIN-93G diet except for replacement of soybean oil with corn oil for 1 wk. Animals had free access to feed and water. After fasting for 18 h, the experimental diets (7 g/animal) were given to animals in the last 2 h of a dark cycle (from 8:00 to 10:00).
Chicken and mutton legs were purchased from a domestic market. The fractionation of meat was performed as described previously (14) . First, as much fat and connective tissue as possible were removed from the meat and then minced meat was freeze-dried (freezedried chicken (FDC) and freeze-dried mutton (FDM)). Next, defatted chicken (DFC) was prepared from FDC with n-hexane, and chicken fat (CF) and mutton tallow were extracted from adipose tissue of chicken and mutton with n-hexane. Moreover, purified chicken protein (PCP) was washed from DFC with hot ethanol and boiled water according to our previous report (14) . Protein contents of FDC, DFC, PCP and FDM were 77.5, 86.9, 98.3 and 75.5%, respectively. Fat contents of FDC and FDM were 11.3 and 18.5%, respectively and those of the others were not detected (,0.1%). Based on AIN- Other constituents common to both diets include cellulose (5%), sucrose (10%), l-cyctine (0.3%), mineral mix (3.5%), vitamin mix (0.1%) and choline bitartrate (0.25%). Vitamin and mineral mixes were formulated according to AIN-93G. Diet components were purchased from CLEA Japan, Inc. 1 WC: whole chicken, CF: chicken fat, DFC: defatted chicken, PCP: purified chicken protein, WM: whole mutton, FDC: freezedried chicken, FDM: freeze-dried mutton.
93G except for the replacement of soybean oil with corn oil, experimental diets (whole chicken (WC), CF, DFC, PCP, whole mutton (WM) and control (Ctrl)) were prepared (Table 1) . Casein and corn oil were used in the Ctrl group. Contents of protein and fat were the same in the groups.
Measurements of body weight and body temperature. General preparation was performed as described previously (14) . The rats were anesthetized with an intraperitoneal injection of urethane (700 mg/kg) and a-chloralose (60 mg/kg) immediately after 2 h of feeding. The body weight and body temperature of each animal were measured under anesthesia. To exclude the effect of heat dissipation, body temperatures were measured on a thermostatic plate (33˚C, KN-210-6, Natsume Seisakusho Co. Ltd., Tokyo, Japan) in a room with controlled temperature (33˚C) every 30 min after feeding for 2 h. Rectal temperature was measured using a thermometer (CT-1307, Custom, Tokyo, Japan) with a thermocouple (1600K-T21-ASP, Anritsu Meter Co. Ltd., Tokyo, Japan). The thermocouple was gently inserted 2 cm into the rectum after dipping it in glycerol. Back temperature was measured in the interscapular area using an infrared thermometer (IT-550, Horiba, Ltd., Kyoto, Japan) after the back hair had been clipped short with hair clippers. Measurements of concha and sole temperatures were also performed by using an infrared thermometer (IT-550, Horiba, Ltd.). Thermogram images of each animal were obtained by using a thermograph camera (Handy Thermo TVS-200, Nippon Avionics Co., Ltd., Tokyo, Japan) immediately after the measurement of body temperature. Urethane-chloralose anesthesia was added if needed.
Blood and tissue collection. Blood was collected from the inferior vena cava under anesthesia and plasma was immediately prepared in plastic tubes containing EDTA. The collected blood was kept at room temperature for 30 min for coagulation and then kept on ice for 30 min. Serum was obtained from the coagulated blood by centrifugation at 1,940 3g for 30 min at 4˚C. The liver was then removed and immediately frozen into a sheet with dry ice. These samples were stored at 280˚C until analysis.
Serum and plasma measurements. Serum glucose (CII-test kit, Wako Pure Chemical Industries, Ltd., Osaka, Japan), triglyceride (TG) (E-test kit, Wako Pure Chemical Industries Ltd.) and free fatty acid (FFA) (C-test kit, Wako Pure Chemical Industries, Ltd.) were measured by using commercial assay kits. Plasma 3-hydroxybutyric acid (3-HBA) (Ketolex, Sanwa Kagaku Kenkyusyo Co. Ltd., Nagoya, Japan), glucagon (Glucagon (Rat) EIA Kit, Phoenix Pharmaceuticals, Inc., Burlingame, CA) and insulin (Rat Insulin ELISA kit (AKRIN-010T), Shibayagi Co. Ltd., Gunma, Japan) were measured by using commercial assay kits. Analysis of adrenaline, noradrenaline and dopamine in plasma were entrusted to a clinical laboratory organization, BML Inc. (Tokyo, Japan), which used a standardized analytical method (HPLC method). Total triiodothyronin (T3) and total thyroxin (T4) in plasma were measured by the CLIA method (BML Inc.).
Analysis of mRNA.
Total RNA of the liver was isolated with ISOGEN (Nippon Gene, Tokyo, Japan) according to the manufacturer's protocol. Each mRNA expression was analyzed by quantitative RT-PCR using a LightCycler instrument (Roche Diagnostics, Basel, Switzerland). Fast-strand cDNA was synthesized in 20 mL reverse transcriptase (RT) reaction buffer from 1 mg of total RNA using a Transcriptor First-Strand cDNA Synthesis Kit (Roche Diagnostics) according to the manufacturer's protocol. PCR was performed with 1 mL of RT reaction buffer using a LightCycler FirstStart DNA Master SYBR Green Kit (Roche Diagnostics) or LightCycler FirstStart DNA Master PLUS SYBR Green Kit (Roche Diagnostics). The primers for glucokinase (GK) were 5′-ATGAAGACCGCCAATGTGAG-3′ (forward) and 5′-CATCCACCATCCGGTCATAC-3′ (reverse). The realtime PCR conditions for amplification were denaturation at 95˚C for 10 s, annealing at 57˚C for 5 s, and extension at 72˚C for 10 s for 45 cycles. The primers for phosphofructokinase (PFK) were 5′-CTTACCGAT-CACCCTCGTTC-3′ (forward) and 5′-CCACAGGTGCTCT-GTTCTGA-3′ (reverse). The real-time PCR conditions for amplification were denaturation at 95˚C for 10 s, annealing at 58˚C for 5 s, and extension at 72˚C for 9 s for 45 cycles. The primers for pyruvate kinase (PK) were 5′-AGGAGTCTTCCCCTTGCTCT-3′ (forward) and 5′-ACCTGTCACCACAATCACCA-3′ (reverse). The realtime PCR conditions for amplification were denaturation at 95˚C for 10 s, annealing at 60˚C for 5 s, and extension at 72˚C for 15 s for 45 cycles. The primers for carnitine palmitoyltransferase 1a (CPT1a) were 5′-GGAGACAGA-CACCATCCAACATA-3′ (forward) and 5′-AGGTGATG-GACTTGTCAAACC-3′ (reverse). The real-time PCR conditions for amplification were denaturation at 95˚C for 10 s, annealing at 55˚C for 5 s, and extension at 72˚C for 16 s for 45 cycles. The primers for citrate synthase (CS) were 5′-CCGTGCTCATGGACTTGGGCCTT-3′ (forward) and 5′-CCCCTGGCCCAACGTAGATGCTC-3′ (reverse). The real-time PCR conditions for amplification were denaturation at 95˚C for 10 s, annealing at 60˚C for 5 s, and extension at 72˚C for 8 s for 45 cycles. The primers for thyroid hormone responsive Spot 14 protein (THRSP) were 5′-GAGCCCCCGATCTCTATACC-3′ (forward) and 5′-GGCTTCTAGGTCCAGCTCCT-3′ (reverse). The real-time PCR conditions for amplification were denaturation at 95˚C for 10 s, annealing at 56˚C for 5 s, and extension at 72˚C for 10 s for 45 cycles. The primers for glucose-6-phosphate dehydrogenase (G6PD) were 5′-AGCTGGTCATCCGTGTGCAG-3′ (forward) and 5′-TGCATTTGGCTCCCACAGAA-3′ (reverse). The realtime PCR conditions for amplification were denaturation at 95˚C for 10 s, annealing at 54˚C for 5 s, and extension at 72˚C for 10 s for 45 cycles. The primers for b-actin were 5′-AGCCATGTACGTAGCCATCC-3′ (forward) and 5′-CTCTCAGCTGTGGTGGTGAA-3′ (reverse). The real-time PCR conditions for amplification were denaturation at 95˚C for 10 s, annealing at 54˚C for 5 s, and extension at 72˚C for 10 s for 45 cycles.
Statistical analysis. Values are given as means6SE. All data were analyzed by parametric one-way analysis of variance (ANOVA) and then by Tukey's multiple comparison test when appropriate (Excel toukei 2006, Social Survey Research Information Co., Ltd., Tokyo, Japan). p values ,0.05 were considered as statistically significant.
RESULTS
Postprandial change in body temperature of rats fed the chicken diet
Postprandial body temperatures rose up to 2 h after feeding time (2 h), i.e., up to 4 h after the beginning of feeding, in all groups and in all parts (Fig. 1) . Body temperature in the WC group remained as high as that in the WM group and was significantly higher than that in the fasting group. Mutton has been reported to have a strong thermic effect among animal meats (14) , and it was shown that chicken also has a strong postprandial thermic effect. Body temperatures reached plateaus from 2 h after feeding time. Although no significant difference in food intake was observed between the WC group and the WM group, body weight in the fasting group was significantly lower than those in the WC and WM groups because of no diet (Table 2) .
Postprandial change in body temperature of rats fed a diet containing fractionated chicken
Next, the postprandial change in body temperatures of rats that were fed diets containing fractionated chicken were examined under anesthesia every 30 min from 1 h after feeding time ( Fig. 2A-D) . All body temperatures in the DFC group after 1 h of feeding time were significantly higher than those in the other groups. Back and concha temperatures in the DFC group were remarkably higher than those in the other groups. Thus, the removal of fat from chickens induced more rapid and stronger thermogenesis. On the other hand, body temperatures in the CF group did not rise from 1.5 h after feeding time. Rectal temperatures in the Ctrl, WC and PCP groups rose linearly up to 2 h after feeding time. Back temperature in the WC group rose linearly up to 2 h after feeding time, but that in the PCP group rapidly rose from 1 h to 1.5 h after feeding time. Concha temperatures increased significantly up to 1.5 h after feeding time in all groups except for the DFC group. Sole temperatures in the Ctrl, WC and PCP groups rose linearly up to 2 h after feeding time. However, the increase in sole temperature in the Ctrl group was slightly less than that in the WC and PCP groups. Back and concha temperatures in the CF group after 2 h of feeding time were significantly lower than those in the WC, DFC and PCP groups. No significant difference in food intake or body weight was observed among the groups (Table 3) . Thermograms of typical rats in the groups after 2 h of feeding time are shown in Fig. 2E . A rise of body temperature, especially in the trunk, was observed in the WC, DFC and PCP groups (Fig. 2E, asterisks) . These results coincided with results for back temperatures (Fig. 1) . Moreover, rises in peripheral temperatures such as temperatures in limbs were observed in the WC and DFC groups (Fig. 2E, arrows) and these results coincided with results for sole temperatures (Fig. 1) . Although thermogenesis induced by the purified chicken protein diet was also strong, the thermic reaction was late and a remarkable rise in peripheral temperatures was not observed.
Blood metabolic markers and hormone analyses
Blood analyses were carried out after 2 h of feeding time since body temperatures reached plateaus at that point, as mentioned above. First, glucose, TG, FFA and 3-HBA in serum were measured after 2 h of feeding time (Table 4) . Although TG and FFA were not significantly different among the groups, the 3-HBA level in the PCP group was significantly higher than the levels in the other groups (Table 4) .
Second, the amounts of glucagon and insulin, which play important roles in the control of glucose metabolism and blood glucose, were measured. The plasma glucagon level in the PCP group was significantly higher than that in the Ctrl group (Table 4) . On the other hand, plasma insulin levels were not different among the groups (Table 4) .
Third, since catecholamines (adrenaline, noradrenaline and dopamine) and thyroid hormones (T3 and T4) are involved in thermogenesis, these hormone levels were measured (Table 4) . Plasma adrenaline and noradrenaline levels were not different among the groups. The plasma dopamine level in the PCP group was significantly higher than that in the DFC group. Thus, it was thought that chicken-induced thermogenesis was not caused by stimulation of the sympathetic nervous system. On the other hand, the T3 level in the PCP group was significantly higher than the levels in the WC, CF and DFC groups, but the T4 level in the PCP group was significantly lower than that in the DFC group.
Expression of metabolic enzyme genes in the liver
The mRNA expression levels of several rate-limiting enzymes in the hepatic metabolic pathway were measured. First, mRNA expressions levels of GK, PFK and PK, which are rate-limiting enzymes in glycolysis, were measured after 2 h of feeding time. The expression levels of GK mRNA in the DFC group tended to be higher than the levels in other groups, but there was no significant difference among the groups (Fig. 3A) . On the other hand, the expression level of PFK mRNA in the PCP group was significantly higher than that in the CF group, and the level in the DFC group was also high (Fig.  3B) . The expression level of PK mRNA in the DFC group was significantly higher than that in the Ctrl group, and the level in the PCP group was also high (Fig. 3C) . How- ever, the expression levels of these glycolytic rate-limiting enzymes in the WC group, in which body temperature was higher than those in the CF and Ctrl groups, did not increase compared with those in the DFC and PCP groups. The expression level of CPT1a mRNA in the liver of rats in the PCP group was the highest among groups and was significantly higher than that in the CF group (Fig.  3D) . CPT1a is a rate-limiting enzyme in the metabolism of fatty acid. The mRNA expression level of CS, which is a rate-limiting enzyme in the TCA cycle, was measured after 2 h of feeding time. The CS mRNA expression levels in the DFC and PCP groups were significantly higher than those in the Ctrl and CF groups and tended to be higher than that in the WC group (Fig. 3E) .
Expression of thyroid hormone target genes in the liver
Since the liver is a major organ of thermogenesis at rest (28, 29) , the expression levels of thyroid hormone target genes in the liver were measured after 2 h of feeding time. The expression level of the THRSP gene in the 
A B
DFC group was significantly higher than those in the C and PCP groups (Fig. 4A) . The expression pattern of the G6PD gene among groups was similar to that of the THRSP gene, and there was no significant difference (Fig. 4B) .
DISCUSSION
The body temperature of rats that were fed the chicken diet was as high as that of rats that were fed the mutton diet. The postprandial thermic effect of chicken persisted for a few hours as did that of mutton. Mutton has been reported to have a strong postprandial thermic effect among animal meats (14) . Therefore, the postprandial thermic effect of chicken also appears to be strong. Regarding fractionated chicken, the body temperature in the CF group was lower than those in the WC, DFC and PCP groups, in which lean chicken was consumed. The body temperature in the DFC group rose rapidly after consumption compared with that in the other groups. However, the body temperature in the DFC group was as high as those in the WC and PCP groups at 2 h after feeding time. These results suggest that not chicken fat but lean chicken has a strong postprandial thermic effect. The mechanisms by which body temperatures are raised seemed to be different for the purified chicken protein and the extract from lean chicken.
Even though the purified chicken protein was highly purified, the back temperature at 2 h after feeding time was higher than that in the CF group. Serum glucose level in the PCP group was lower than the levels in the low body temperature groups (Ctrl and CF groups), and the mRNA expression levels of glycolytic rate-limiting enzymes such as PFK and PK in the PCP groups were higher than the levels in the low body temperature groups. There was no significant difference in plasma insulin level among groups but the plasma glucagon level in the PCP group was higher than those in the low body temperature groups. It is possible that secretion of glucagon was facilitated since serum glucose was decreased due to glycolysis. The 3-HBA level in the PCP group was remarkably higher than the levels in the other groups. There was no significant difference in TG levels, but the TG level in the PCP group was the lowest among the groups. Moreover, the mRNA expression level of CPT1a, a rate-limiting enzyme in lipid metabolism, was remarkably higher in the PCP group than in the other groups. In addition, the mRNA expression level of CS, which is a rate-limiting enzyme of the tricarboxylic acid cycle (TCA cycle), in the PCP group was significantly higher than the levels in the Ctrl and CF groups. On the other hand, the plasma T4 level in the PCP group was not so high, but the plasma T3 level was the highest among all groups. Thyroid hormones act to increase the basal metabolic rate and lead to heat production. However, the mRNA expression levels of thyroid hormone target genes in the PCP group were not higher than those in the DFC group. Several researchers have reported the effects of dietary protein on thyroid hormone action. Soy protein feeding raised the plasma T4 level (30, 31) . Red meat (kangaroo) and whey protein did not affect the plasma T4 level (32) . In our previous study, consumption of mutton meat protein was shown to accelerate the secretion of thyroid hormones, resulting in a rise of body temperature (14) . Therefore, our results suggest that thyroid hormone secretion due to chicken protein consumption up-regulates glycolysis, lipid metabolism and the TCA cycle in the liver and consequently raises body temperature.
Since defatted chicken consumption induced both rapid and strong thermogenesis and rise in peripheral body temperature, the ethanol-and water-extract from lean chicken seems to be involved in the reactions. Plasma thyroid hormone levels in the DFC group did not show remarkable changes, but the mRNA expression level of THRSP in the DFC group was significantly higher than those in the WC and PCP groups. The THRSP gene is well known as a hepatic product induced rapidly by thyroid hormones (33, 34) , and the greatest increase in expression levels after thyroid hormone treatment was shown by hepatic cDNA microarray analysis (35) . THRSP is thought to be a modulator of fatty acid synthesis (36) . The mRNA expression pattern of G6PD was also similar to that of THRSP. G6PD is the first and rate-limiting enzyme in the pentose phosphate pathway (37) , which plays multifunctional roles to generate reduced nicotinamide adenine dinucleotide phosphate (NADPH) and ribose-5-phosphate for biosynthesis of nucleotide and nucleic acid and to supply energy. These results suggest that thyroid hormone signaling is involved in the thermic effect of defatted chicken. On the other hand, the mRNA expression levels of glycolytic rate-limiting enzymes including GK and PK in the DFC group were higher than those in the Ctrl, WC and CF groups. Serum glucose levels in the DFC group were lower than those in the low body temperature groups (Ctrl and CF groups). CS mRNA expression level in the DFC group was significantly higher than the levels in the Ctrl and CF groups, but the mRNA expression level of CPT1a was as low as the levels in the CF, WC and Ctrl groups. It has been reported that the consumption of chicken essence increased metabolic rate (15) and resting energy expenditure (REE) values (16) . Since those essences are almost the same as the ethanol-and waterextracts in this study, the results of those studies support our results. Multifunctional bioactivities of chicken essence have recently been reviewed (38) . Carnosine, anserine and taurine, which are abundantly included in chicken, have been reported to be involved in blood flow and blood pressure changes (39) (40) (41) (42) . Our findings suggest that defatted chicken facilitates both thyroid hormone signaling and energy metabolism except for lipid metabolism. However, the metabolic rate-limiting enzymes that were up-regulated by the ethanol-and water-extract from lean chicken were different from those that were up-regulated by the chicken protein.
Further studies are needed to elucidate the reason for this.
Body temperatures in the CF group were the lowest among the groups fed fractionated chicken. The body temperature in the WC group at 1 h after feeding time was significantly lower than that in the DFC group, in which chicken fat was not consumed. Chicken fat may therefore suppress the postprandial thermogenesis of chicken, especially the ethanol-and water-extract from lean chicken, resulting in suppression of the rise in body temperature. The mRNA expression levels of most energy metabolic rate-limiting enzymes (PFK, PK, CPT1a and CS) in the WC group were lower than those in the DFC and PCP groups. Moreover, plasma thyroid hormone levels in the WC and CF groups were relatively low among the groups, and the mRNA expression level of THRSP in the WC group was lower than that in the DFC group. Fatty acids have various functionalities, and polyunsaturated fatty acids have been reported to improve blood flow, glycolysis and lipid metabolism. On the other hand, saturated fatty acids have been reported to suppress blood flow and lipid metabolism (43, 44) . Indeed, chicken fat is classified as "cold" food in thermic nature and it is thought that the body is cooled after consumption (13) . The Japanese persimmon (kaki), which is also classified as "cold" food in thermal nature, has been shown to keep body temperature lower at the feet and wrists and to decrease blood flow at the wrists (45). Thus, it is possible that these foods have specific functions to lower postprandial body temperature. Our results suggest that chicken fat consumption suppresses the signaling of thyroid hormones and consequently suppresses the energy metabolism. However, it is still unclear how chicken fat consumption suppresses the thermic effect of lean chicken, including chicken protein and ethanol-and water-extract.
In summary, we have shown that lean chicken mainly induced the postprandial thermic effect of chicken. The results suggested that lean chicken facilitated the secretion of thyroid hormones and up-regulated the mRNA expression of hepatic rate-limiting enzymes in energy metabolism, especially glycolysis and the TCA cycle. Consequently, chicken protein and ethanol-and waterextract from lean chicken mainly raised the temperatures of the trunk and limbs, respectively. Since various constituents in lean chicken may intricately contribute to various reactions in the thermic effect of chicken, we could not narrow down the candidates. On the other hand, chicken fat is thought to inhibit the above-mentioned thermic effect of lean chicken to some extent. In any case, the postprandial thermic effect of chicken is as high as that of mutton. We concluded that thyroid hormones contribute to the postprandial thermic effect of chicken similarly to mutton. However, since blood analysis and mRNA expression analyses were performed only at 2 h after feeding time in this study, time-course studies and protein expression analyses are needed to elucidate the detailed mechanism.
